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Our previous studies have shown that methyl-2-cyano-3,12-dioxooleana-1,9(11)-dien-28-oate (CDDO-
Me), a oleanane synthetic triterpenoid induces apoptosis in prostate cancer cells by inhibiting the Akt/
NF-jB/mTOR signaling cascade; however, the mechanism by which CDDO-Me inhibits Akt/NF-jB/mTOR
signaling has remained undetermined. Present studies show that Akt plays a critical role in the response
of prostate cancer cells to CDDO-Me. Silencing of Akt sensitized PC-3 cells to CDDO-Me, whereas its over-
expression rendered them resistant to CDDO-Me. Evaluation of the effect of CDDO-Me on Akt which lies
upstream of NF-jB and mTOR showed that CDDO-Me directly inhibits the Akt kinase activity in cell-free
kinase activity assay and in vivo without modulating the activity of PDK1, the upstream kinase that phos-
phorylates and activates Akt. The inhibition of Akt activity resulted in inhibition of phosphorylation/inac-
tivation of proapoptotic procaspase-9, Bad and Foxo3a. Further, inhibition of p-Akt by CDDO-Me was not
attributable to an increase in the activity of protein phosphatase 2A (PP2A) or PH domain/leucine-rich
repeat protein phosphatase1 (PHLPP1) both of which dephosphorylate p-Akt. These findings show that
Akt is a direct target of CDDO-Me in the Akt/NF-jB/mTOR prosurvival signaling axis.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

Synthetic oleanane triterpenoid 2-cyano-3,12-dioxooleana-
1,9(11)-dien-28-oic acid (CDDO) and its C-28 methyl ester
(CDDO-Me) and C-28 imidazole (CDDO-Im) derivatives are potent
proapoptotic anticancer agents [1–4]. Although the anticancer
mechanisms of CDDOs are not fully understood, cancer cell differ-
entiation and activation of caspase-dependent and independent
apoptosis contribute to the antitumor activity of CDDOs [5,6,3].
CDDOs inhibit MAP kinases, STATs, NF-jB, TGF-b/Smad and PPARc
signaling [7–11]. Further, CDDOs exhibit strong chemopreventive
activity in mouse models of colon, breast, lung and pancreatic
carcinogenesis [12–14].

We have previously shown that CDDO-Me inhibits
proliferation and induces apoptosis in hormone-sensitive and
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hormone-refractory prostate cancer cell lines through the activa-
tion of procaspases 3, 8, 9 mitochondrial depolarization and the
release of cytochrome c from mitochondria [15]. CDDO and
CDDO-Me also slowed the development/progression and metas-
tasis of prostate cancer in the TRAMP mouse model of prostate
carcinogenesis [16,17]. The induction of apoptosis in prostate
cancer cell lines and tumor tissue in TRAMP mice was associated
with the inhibition of prosurvival Akt, NF-jB and mammalian
target of rapamycin (mTOR) signaling proteins [15,18]. However,
the mechanism by which CDDO-Me inhibits prosurvival Akt/NF-
jB/mTOR signaling has remained undetermined. Akt plays a crit-
ical role in the survival and resistant of cancer cells to apoptosis
and its prosurvival function is amplified through the activation
of NF-jB and mTOR, the downstream targets of Akt. The objec-
tive of this study was to investigate the mechanism by which
CDDO-Me inhibits the activation of Akt in prostate cancer cells.
Our data demonstrate that CDDO-Me inhibits the kinase activity
of Akt without affecting the activity of PDK1, the upstream ki-
nase that phosphorylates and activates Akt. Further, although
CDDO-Me reduced the levels of phosphatases such as phospha-
tase and tensin homolog (PTEN), protein phosphatase 2A
(PP2A) and PH domain/leucine-rich repeat protein phosphatase1
(PHLPP1); it had minimal effect on the activity of PP2A. These
studies demonstrate for the first time that in Akt/NF-jB/mTOR
signaling cascade CDDO-Me directly inhibits the activity of Akt
without affecting the activity of PDK1 or PP2A phosphatase.

http://dx.doi.org/10.1016/j.bbrc.2011.12.007
mailto:sgautam1@hfhs.org
http://dx.doi.org/10.1016/j.bbrc.2011.12.007
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc
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2. Materials and methods

2.1. Reagents

CDDO-Me was obtained from the National Cancer Institute,
Bethesda, MD through the Rapid Access to Intervention Develop-
ment Program. Antibodies against p-Akt (ser473), NF-jB (p65), p-
mTOR (Ser2448), p-caspase-9 (p35), p-Bad (ser136), p-Foxo3a
(ser2531) and b-actin were purchased from Santa Cruz Biotechnol-
ogy, Inc. (Santa Cruz, CA). Akt immunoassay kit was from EMD Bio-
sciences (La Jolla, CA) and recombinant PDK1 was purchased from
Calbiochemicals (La Jolla, CA).
2.2. Cell culture

LNCaP and PC-3 human prostate cancer cell lines were obtained
from American Type Culture Collection (ATCC, Rockville, MD).
LNCaP were grown in RPMI-1640 supplemented with 10% FBS,
1% penicillin/streptomycin, and 25 mM HEPES buffer. PC-3 cells
were grown in F-12K nutrient mixture (Invitrogen, Camarillo, CA)
supplemented with 10% fetal calf serum, 1% penicillin/streptomy-
cin, and 25 mM HEPES buffer.
2.3. Measurement of cell viability

1 � 104 cells in 100 lL of cell culture medium were seeded into
each well of a 96-well plate. After incubation for 24 h, cells were
treated with CDDO-Me for 72 h. Cell viability was then determined
by the colorimetric MTS assay using CellTiter 96 AQueous One
Solution Proliferation Assay System from Promega (Madison, WI).
After incubation for 2 h at 37 �C absorbance was measured at
490 nm using a microplate reader.
2.4. Immunoprecipitation

LNCaP and PC-3 cells were washed after treatment with CDDO-
Me with cold PBS and lysed in NP 40 cell lysis buffer (Invitrogen,
Camarillo, CA) supplemented with phosphatase inhibitor cocktail
(sodium fluoride, sodium orthovanadate, sodium pyrophosphate
and beta-glycerophosphate), 5 lg/mL leupeptin, 1 lg/mL aproti-
nin, 1 lg/mL pepstatinin, and 10 lg/mL 4–2-aminoethyl-benzene-
sulfinyl fluoride for 30 min on ice. Supernatants were collected
after centrifugation at 14,000g for 10 min and protein concentra-
tion was determined. Each sample (400 lg protein) in 200 ll of
antibody binding buffer was incubated with anti-p-Akt or
anti-p-PDK1 antibody (2 lg) for 1 h at room temperature followed
by incubation with protein A agarose beads for 1 h. Protein A aga-
rose beads were collected and washed first with kinase extraction
buffer and then with kinase assay buffer and finally resuspended in
50 ll of kinase assay buffer. GSK-3a or Akt were used as substrates
to detect the Akt kinase or PDK1 kinase activity of immune com-
plexes by immunoblotting.

For immunoprecipitation of PP2A, cell lysates were prepared in
NP 40 lysis buffer without the phosphatase inhibitors. To the cell
lysate (400 lg protein) 50 lL of Dynabeads coated with anti-
PP2A antibody (2 lg) was added and incubated for 1 h. Dynabeads
were washed three times and resuspended in 20 lL of elution
buffer for 10 min. Supernatant was collected by centrifugation
and incubated with p-Akt in MOPS buffer (20 mM MOPS, 60 mM
2-Me, 100 mM NaCl, 0.1 mg BSA/ml) for 30 min at 30 �C. The
dephosphorylation of p-Akt by PP2A IP was analyzed by immuno-
blotting using anti-p-Akt (ser473) antibody.
2.5. Western blotting

Cell lysates were prepared using NP 40 cell lysis buffer. Lysates
were clarified by centrifugation at 14,000g for 10 min at 4 �C and
protein concentrations were determined. Samples (50 lg) were
boiled in an equal volume of sample buffer (20% glycerol, 4% SDS,
0.2% Bromophenol Blue, 125 mM Tris–HCl (pH 7.5), and 640 mM
2-mercaptoethanol) and separated on pre-casted Tris–glycine
polyacrylamide gels using the XCell Surelock™ Mini-Cell, in Tris–
glycine SDS running buffer, all from Novex (Invitrogen, Carlsbad,
CA). Proteins resolved on the gels were transferred to PVDF mem-
branes. Membranes were blocked with 5% milk in 10 mM Tris–HCl
(pH 8.0), 150 mM NaCl with 0.05% Tween 20 (TPBS) and probed
using specific antibodies against proteins of interest or b-actin
(loading control) and HRP-conjugated secondary antibody. Im-
mune complexes were visualized with enhanced chemilumines-
cence. Protein bands were imaged and band densities analyzed
using the NIH/Scion image analysis software. The protein band
densities were normalized to the corresponding b-actin band den-
sities and percent change in signal strength was calculated.

2.6. DNA transfection

Akt overexpression
Semi-confluent cultures of PC-3 cells were transfected with

10 lg of empty or Akt expression vector (pUSEamp) DNA contain-
ing Myc-His tagged mouse Akt1 (activated) under the control of
CMV promoter (Upstate Cell Signaling, Lake Placid, NY) using Lipo-
fectAMINE Plus reagent. After incubation for 24 h, cells were ana-
lyzed for the expression of exogenous Akt1 by western blotting
using anti-Myc Tag antibody.

Silencing of Akt
PC-3 cells were transfected with double stranded siRNA of Akt

using SignalSilence siRNA kit from Cell Signaling Technology (Bev-
erly, MA) according to the instructions provided by the manufac-
turer. Gene silencing in transfected cells was confirmed by
western blotting for Akt.

2.7. Statistical analysis

Some data are presented as mean ± SD. The differences between
control and treatment groups were analyzed using Dunnett multi-
ple comparison test and differences with p < 0.05 were considered
statistically significant.

3. Results

3.1. CDDO-Me inhibits prosurvival Akt, NF-jB and mTOR signaling
proteins

Akt/NF-jB/mTOR is a major antiapoptotic signaling pathway
that confers survival advantage to cancer cells. To determine the
effect CDDO-Me on Akt, NF-jB and mTOR, LNCaP and PC-3 cells
were treated with CDDO-Me (1.25–10 lM) for 20 h and cell lysates
were analyzed for p-Akt, NF-jB and p-mTOR by western blotting.
As shown in Fig. 1A, CDDO-Me significantly to completely reduced
the levels of p-Akt, NF-jB and p-mTOR at concentration of 2.5 lM
and above in both cell lines.

3.2. Akt regulates the sensitivity of prostate cancer cells to CDDO-Me

Both NF-jB and mTOR are targets of Akt and Akt regulates the
activation of NF-jB and mTOR through activation of IKKa and
small GTPase Rheb, respectively. We investigated the role of Akt
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Fig. 1. CDDO-Me inhibits p-Akt, p-mTOR and NF-jB (p65) and Akt determines the sensitivity of prostate cancer cells to CDDO-Me. (A) LNCaP and PC-3 cells were treated with
CDDO-Me at concentrations of 1.25–10 lM for 20 h. After treatment, cell lysates were analyzed for p-Akt, p-mTOR, and NF-jB (p65) by western blotting. (B) To determine the
functional relevance of Akt in response to CDDO-Me, Akt expression was either inhibited or increased by transfecting PC-3 cells with siRNA-Akt or Akt1 expression plasmid
(myr-Akt1-pUSE) using LipofectAMINE Plus reagent. The change in Akt expression levels was determined by western blotting (insets) and response of transfected cells to
CDDO-Me was measured in MTS assay. Bar graphs represent mean ± SD of two separate experiments. Values above blots represent the change in protein expression level
compared to untreated control represented as 1.0.
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in mediating the growth inhibitory effect of CDDO-Me in prostate
cancer cells. The effect of altering the expression levels of Akt on
the response of tumor cells to CDDO-Me was measured. Thus,
PC-3 cells were transfected with either siRNA-Akt or an Akt expres-
sion plasmid (myr-Akt1-pUSE) to decrease or increase the levels of
Akt. The response of PC-3 cells transfected with siRNA-Akt was
then tested at CDDO-Me concentrations that are inactive in MTS
assay (e.g. 0.312 or 0.625 lM). As shown in Fig. 1B, control PC-3
cells were unresponsive to CDDO-Me at 0.312 lM with a small
reduction in viability occurring at 0.625 lM (13%). On the other
hand, PC-3 cells in which Akt has been silenced by transfection
with siRNA-Akt (inset) showed increased susceptibility to CDDO-
Me both at 0.312 or 0.625 lM (13.6-fold and 4.5-fold increase,
respectively). In contrast, overexpression of Akt in cells transfected
with Akt1 expression plasmid (Fig. 1B) markedly reduced the
susceptibility of PC-3 cells to CDDO-Me at concentrations of
0.625–5 lM, (7-fold to 1.8-fold reduction). Transfection with a
non-targeting siRNA or empty p-USE vector did not alter the
response of PC-3 cells to CDDO-Me (not shown). These data indi-
cate that Akt plays a pivotal role in the response of prostate cancer
cells to CDDO-Me.
3.3. CDDO-Me inhibits Akt activity

Since Akt promotes oncogenesis by inhibiting apoptosis and
promoting proliferation of cancer cells directly as well as indirectly
by regulating the activation of NF-jB and p-mTOR, we investigated
the mechanism by CDDO-Me inhibits Akt. Treatment with CDDO-
Me inhibited the phosphorylation of Akt in LNCaP and PC-3 cells
in a dose-dependent manner without significantly affecting basal
Akt (Fig. 2A). GSK-3a is a well known substrate of Akt kinase;
therefore, we tested the effect of CDDO-Me on phosphorylation
of GSK-3a on ser21 by activated Akt. As shown in Fig. 2A, CDDO-
Me measurably reduced the phosphorylation of GSK-3a at 5 lM
but completely inhibited it at 10 lM, indicating that CDDO-Me
can inhibit the kinase activity of Akt. Data in Fig. 1A showed that
treatment with CDDO-Me inhibited the level of p-Akt (active) in
cells; therefore we next determined whether it also inhibits Akt ki-
nase activity in vivo. For this, LNCaP and PC-3 cells were treated
with CDDO-Me (0–10 lM) for 20 h and p-Akt from treated and un-
treated cells was immunoprecipitated (IP) under identical condi-
tions and tested for its ability to phosphorylate GSK-3a. p-Akt IP
from untreated cells (both cell lines) heavily phosphorylated
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Fig. 2. CDDO-Me inhibits Akt activity in vitro and in vivo. (A) Effect of CDDO-Me on phosphorylation of Akt in cells. (B) Effect on Akt activity in cell-free kinase activity assay.
(C) Effect on Akt activity in vivo. p-Akt was immunoprecipitated from LNCaP and PC-3 cells treated with CDDO-Me (1.25–10 lM) for 20 h and then analyzed for the ability of
p-Akt IP to phosphorylate GSK-3a by western blotting. (D) Effect of CDDO-Me on constitutive phosphorylation of caspase-9, Bad and Foxo-3a. LNCaP and PC-3 cells were
treated with CDDO-Me (0.3–5 lM) for 20 h and cell lysates were analyzed for p-caspase-9, p-Bad and p-Foxo-3a by western blotting. Each experiment was repeated at least
two times.
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GSK-3a. On the other hand, treatment with 2.5–10 lM CDDO-Me
inhibited the p-Akt kinase activity in a dose-related manner in
LNCaP cells, whereas 5–10 lM CDDO-Me was markedly effectively
in inhibiting it in PC-3 cells (Fig. 2B). Thus data in Fig. 2A and B
show that CDDO-Me can inhibit the Akt kinase activity in vitro
and in vivo.

Akt protects tumor cells from apoptosis through phosphoryla-
tion and inactivation of proapoptotic caspase-9, Bad and Foxo-3a
transcription factor. Whether inhibition of activated Akt (p-Akt)
by CDDO-Me also reduces the levels of p-caspase-9, p-Bad and
p-Foxo-3a was determined. Indeed, treatment with CDDO-Me,
especially at 2.5 and 5 lM, significantly to completely inhibited
phosphorylation of caspase-9, Bad and Foxo-3a. (Fig. 2C).
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Fig. 3. CDDO-Me does not inhibit PDK1 activity. (A) Effect on PDK1 activity in cell-
free kinase activity assay. (B) Effect on PDK1 activity in vivo. PDK1 was immuno-
precipitated from lysates of LNCaP and PC-3 cells treated with CDDO-Me (1.25–
10 lM) for 20 h and then analyzed for the ability of PDK1 IP to phosphorylate Akt by
western blotting. Each experiment was repeated two times.
3.4. CDDO-Me does not inhibit PDK1 activity

We considered the possibility that inhibition of phosphoryla-
tion of Akt by CDDO-Me might also be due to the inhibition of
PDK1 activity, an immediate upstream kinase that phosphorylates
Akt on Thr308. First we tested the effect of CDDO-Me (1.25–10 lM)
on phosphorylation of Akt by recombinant PDK1 in vitro. Fig. 3A
shows that CDDO-Me does not inhibit the phosphorylation of Akt
by PDK1 at any concentration tested. To test whether CDDO-Me af-
fects PDK1 activity in vivo, LNCaP and PC-3 cells were treated with
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CDDO-Me for 20 h and p-PDK1 was immunoprecipitated from con-
trol (untreated) and treated cells under identical conditions and
the ability p-PDK1 IP to phosphorylate Akt was determined. Data
in Fig. 3B show that unlike the inhibition of Akt kinase activity,
CDDO-Me does not inhibit PDK1 kinase activity in these cell lines.
This result demonstrates that inhibition of Akt phosphorylation by
CDDO-Me is not due to the inhibition of PDK1 activity.
3.5. CDDO-Me inhibits phosphatases

The possibility that CDDO-Me could reduce levels of p-Akt by
enhancing the activity of phosphatases was tested next. We first
analyzed the effect of CDDO-Me on levels of lipid phosphatase
PTEN and phosphatases PP2A and PHLPP1 that dephosphorylate
p-Akt. LNCaP and PC-3 cells were treated with CDDO-Me
(0.0312–5 lM) for 20 h and levels of PTEN, PP2A and PHLPP1 were
analyzed by western blotting. Treatment with CDDO-Me at 1.25–
5 lM partially to completely inhibited these phosphatases in both
cell lines (Fig. 4A). For the effect of CDDO-Me on PP2A phosphatase
activity, PP2A was immunoprecipitated from control (untreated)
cells and cells treated with CDDO-Me and the ability of PP2A IP
to dephosphorylate p-Akt was determined. As shown in Fig. 4B,
PP2A IP from untreated LNCaP cells significantly reduced the level
of p-Akt (�60%). Compared to untreated LNCaP cells, phosphatase
activity of PP2A IP from LNCaP cells treated with CDDO-Me was
partially reduced. This however was not the result obtained in
PC-3 cells. PP2A IP from control PC-3 cells also reduced the level
of p-Akt (�60%); however, phosphatase activity of PP2A IP from
PC-3 cells treated with CDDO-Me (0.3–5 lM) was not different
LNCaP

PTEN

PP2A

PHLPP1

β-actin

CDDO-Me (µM)

0.
0

0.
3

0.
6

1.
25

2.
5

5

LNCaP

CDDO-Me (µM)

1.
0

0.
8

0.
8

0.
6

0.
2

0.
1

p-Akt

A

B

1.
0

1.
0

1.
0

0.
8

0.
3

0.
1

1.
0

0.
9

0.
8

0.
7

0.
2

0.
0

C
on

t

0.
0

0.
3

0.
6

1.
25

2.
5

5

1.
0

0.
4

0.
6

0.
7

0.
8

0.
7

0.
8

Fig. 4. Effect of CDDO-Me on cellular phosphatases and protein phosphatase PP2A activit
lysates were analyzed for PTEN, PP2A and PHLPP1 by immunoblotting. (B) Effect on PP
treatment with CDDO-Me (0.3–5 lM) for 20 h. PP2A IP was incubated with p-Akt and d
repeated two times.
from PP2A IP from untreated PC-3 cells, indicating that CDDO-Me
does not affect PP2A phosphatase activity in PC-3 cells.
4. Discussion

Our previous studies have demonstrated that among the three
synthetic CDDOs (e.g. CDDO, CDDO-Im and CDDO-Me), CDDO-Me
was most active against prostate cancer cells regardless of their
responsiveness to androgen or androgen receptor (AR) expression
[15]. Treatment with CDDO-Me inhibited the constitutively active
prosurvival Akt, mTOR and NF-jB in prostate cancer cells and sup-
pression of these signaling proteins was accompanied by inhibition
of cell proliferation and induction of apoptosis [15,18]. Akt/NF-jB/
mTOR signaling axis is a major prosurvival/antiapoptotic pathway
which is frequently hyperactivated in most cancers [19–22]. Akt
promotes cell proliferation and survival by inactivating proapop-
totic substrates such as procaspase-9, Bad and Foxo-3a and acti-
vating NF-jB and mTOR, which control proliferation, oncogenesis
and ribogenesis. Data showed that Akt controls the response of
prostate cancer cells to CDDO-Me, since inhibition of Akt increased
and its overexpression decreased the sensitivity of cancer cells to
CDDO-Me. CDDO-Me also inhibited p-Akt, NF-jB (p65) and p-
mTOR in prostate cancer cells.

To obtain an insight into the mechanism by which CDDO-Me
inhibits Akt we investigated the effect CDDO-Me on the activity
of Akt in vitro in cell-free kinase activity assay and in vivo as well
as on the activity PDK1, the immediate upstream kinase that phos-
phorylates Akt and on phosphatases that dephosphorylate and
inactivate Akt. CDDO-Me partially to completely inhibited the
phosphorylation of GSK-3a by activated Akt at concentrations of
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5–10 lM in cell-free kinase assay. Further, p-Akt immunoprecipi-
tated from tumor cells treated with CDDO-Me (2.5–10 lM) also
showed significant to almost complete inhibition of Akt activity.
These results demonstrate that CDDO-Me not only inhibits the
levels of p-Akt (activated) but also its kinase activity. Others have
argued that formation of complexes between CDDOs and reducing
agents (DTT, 2-ME, etc.) present in kinase assay buffers makes it
difficult to measure the effect of synthetic triterpenoids on the
activity of kinases in cell-free kinase assays [1,8]. However, our
data suggest that perhaps only at nanomolar concentrations these
reducing agents are able to completely chelate CDDO-Me. It is
obvious that at micromolar concentrations, such as those used in
our experiments, not all of CDDO-Me is chelated, leaving enough
free CDDO-Me to block Akt activity. Our studies however do not
address the actual mechanism by which CDDO-Me inhibits the cat-
alytic activity of Akt. The inhibition of Akt activity would be ex-
pected to impact phosphorylation of its downtstream substrates
including those which participate in apoptosis. Indeed, the phos-
phorylation of proapoptotic caspase-9, Bad and Foxo-3a by Akt
which renders these molecules inactive was inhibited in cells trea-
ted with CDDO-Me in a concentration dependent manner.

We also considered the possibility that inhibition of Akt by
CDDO-Me could also result from inactivation of activating kinases
such as PI3K or PDK1 upstream of Akt. However, our results
showed that CDDO-Me does not inhibit PDK1 activity either in
cell-free kinase activity assay or in vivo in cells treated with
CDDO-Me up to a concentration of 10 lM. Similarly, there was
no decrease in the activity of PDK1 immunoprecipitated from tu-
mor cells treated with CDDO-Me (1.25–10 lM). Once again it can
be argued that lack of effect on PDK1 activity in cell-free kinase as-
say is because of chelation of CDDO-Me, but such an interpretation
is contradicted by the fact that there was no effect on the activity of
PDK1 in vivo either. The lack of effect on the activity of PDK1 would
also imply that CDDO-Me does not affect the activity of PI3K either,
which regulates activation of PDK1 through the generation of sec-
ond messenger PIP3. We also investigated the possibility that
CDDO-Me might reduce p-Akt by enhancing the activity of phos-
phatases. Treatment with CDDO-Me reduced PTEN which nega-
tively regulates PI3K/Akt signaling through dephosphorylation of
PIP3. In addition, levels PP2A and PHLPP1 that dephosphorylate
p-Akt were also reduced by CDDO-Me. Examination of the phos-
phatase activity of PP2A immunoprecipitated from cells treated
with CDDO-Me showed that in contrast to marked reduction in
levels of PP2A at higher concentrations of CDDO-Me it only mini-
mally inhibited PP2A activity in LNCaP cells without affecting it
in PC-3 cells. It appears from these data that cellular context and
the phosphatase being examined determine the effect of CDDOs
on phosphatase activity. Contrary to our finding that CDDO-Me
does not significantly modulate the phosphatase activity of PP2A,
CDDO-Im was shown to inhibit PTEN activity in retinal epithelial
cells and of SHP-1, which dephosphorylates STATs in myeloma
cells [8,23].

In summary, our data show that CDDO-Me inhibits the activity
of Akt without affecting the activity of PDK1 with minimal effect
on PP2A phosphatase activity. Although these studies provide an
insight into the level of PI3K/Akt signaling cascade at which
CDDO-Me is inhibitory, further studies are warranted to determine
whether CDDO-Me blocks the association of Akt with the substrate
or directly interferes with its catalytic activity. Further, whether
inactivation of NF-jB and mTOR takes place subsequent to the
inactivation of Akt or whether they are direct targets of CDDO-
Me remains to be determined.
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